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DOE OE Energy Storage Program
* Development of Cost Competitive Technologies
* Validated Safety and Reliability,

e Equitable Regulatory Environment
* Industry Acceptance

DOE BES JCESR

* Li-metal systems In-situ TEM of Li
dendrite formation
* Non Agueous Redox flow

DOE EERE Vehicle Technologies Office
* High Voltage Li-ion cathodes

* Si-anode development . ::Ci“-’o’;zf;’%’r’ri i
* Li-S systems on Voltage Fade

Army Corp of Engineers/DOD
Micro fish tag
e Micro fish tag battery sensor and

* Integrated systems development battery
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- Cost Competitive Technologies

» Develop material and system enhancements to resolve key cost and
performance challenges for energy storage devices.
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- Example Cost Competitive Technologies .= =,

» Mixed Acid Redox Flow Battery Electrolyte.
HCl addition prevents

deprotonation increasing

temperature stability by

80% and energy density
by 70%

Collaboration with EMSL/FCSD
on standard sulfuric
electrolyte: deprotonation
leads to precipitation at
elevated temperatures

WA Governor Jay Inslee, e
UniEnergy CEO Gary Yang,
OE Asst. Sec. Pat Hoffman

at CEF kickoff June 2014

PNNL kW lab scale
- demonstration of technology

———

Avista/UniEnergy 1 MW/3 MWh System ?‘

installation February 2015.
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- Validated Safety and Reliability

» For energy storage systems to be ubiquitously accepted the technology
must be demonstrated to be safe and reliable

> Energy Storage Safety Working Group Codes 101

2) Codes &
Standards

1) Validation & Risk 3) Outreach &

Assessment R&D Incident Response

POC: POC:
Summer Ferreira, SNL Dave Conover, PNNL

POC:
David Rosewater, SNL

CSR Inventory

» Energy Storage Reliability
Planning workshop in FY16 with stakeholders to develop
technology roadmap for validated reliability of energy storage
systems.

Sandia
National
Laboratones
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- Equitable Regulatory Environment

» Value propositions for grid storage depend on reducing institutional and
regulatory hurdles to levels comparable with those of other grid resources.

J—
MT Public Service Commission's Official Website

» PNW Energy Storage Workshop
Ulc
Hosted Pacific Northwest utility V\c,““””ﬁ"oo
regulatory commission workshop on 5] @ Z
energy storage with commissioners and % &g
staff from WA, OR, ID, and MT. (July f)‘zfﬁ'a(“: % s
20 1 5) gul-lic ‘l ’-l_||‘l.l‘»/
S ~psc.mt.gov

Provided information to commissions on

valuation of energy storage assets. July 2015 Pacific Northwest Regulators

* Presented at Washington UTC Energy Workshop Participants - Richland, WA
Storage Workshop (Aug 2015)

* Planning expansion of Regional
Workshops in FY16.
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Industry Acceptance p—
-~
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» Demonstrating the value, performance, and reliability of energy storage
systems in both controlled and fielded deployments

» WA State Clean Energy Fund
* PNNL evaluating use case economics for 7 MW/
15MWh of energy storage deployments in WA.
» Utilizing Battery Storage Evaluation Tool (BSET)
developed under BPA TIP program with Primus/PGE
and DOE OE.

» Performance Protocols
* In coordination with SNL and industry working
group, lead development of performance protocols (.:J\ J
for Volt-VAR support, Power Quality and Frequency s ‘
Control (FY15)
* SNL/PNNL have completed 7 applications to
date, and nearing completion on the 8th

» BPA demonstrations
* Completed assessment of 120kW/500kWh Powin
Li-ion system for wind integration (ENW), demand
management (City of Richland), Solar Integration

j‘
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Testing 125 kW/500 kWh
(PNNL)' Powin ESS at PNNL Solar
Array.
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- Example Industry Acceptance

» Collaboration with BPA/Primus/Puget Sound Energy to analyze the value
proposition of Energy Storage on Bainbridge Island, WA.

3
B Primus_main [E=E )

Energy storage evaluated as — Analysis tool
developed to

alternative to new substation. T | gy (oo oV
o optimize use and
the value derived

Energy capacity: 16, MWh
Power capacity: 4 MW

Prody Operated by Ballelle Since 1965

— Location Intial SOC: 05
© Bainbridge Island — Input fil
©) Baker River 24 Prices: \Inputiprice xlsx b e n e r Sto ra e
) Balancing sig- | \Input\PSE_Reserve_2020_W_1.  Browse ... | 2 y . gy . g
— Se;w:s Capacity value: | \Input\BI\CapacityValue xlsx m] S e r'VI n g m u Itl p I e
B;‘:j:g Deferral: AInput\B\TDdeferral.xisx Run - .
S Ouage: [ \npurBiOutage xisx _— app lications.
Distribution deferral Outage power: | \Input\BI\OutagePower.xIsx
[7] Planned outage Output Plot
Random outage ’/ Output: \Output\BI

$30,000,000

Random Outeges P }”;"“flkuw $26,647,715 $26,867,652

Mid-C Capacity Viid-C Capacity
$25,000,000 | Value J alue

4

$21,233,715 $21,453,652 SAOHOI00
$20,000,000
$15,000,000
$10,000,000

Final analysis s5000000
determined that revenue . -

. Scenario 1 Scenario 2 Scenario 3 Scenario 4 Requirements
requirement can be T Saraa00
. = Arbitrage and Energy Costs $53,299 $40,833 $53,299 $40,833
excee d ed If e n e rg y m Balancing Services $2,899,171 $2,898,352 $2,899,171 $2,898,352
. = Outage Mitigation $10,656,246 $10,889,467 $10,656,246 $10,889,467
Sto rag els co ntrOI | ed tO = Distribution Upgrade Deferral  $6,252,000 $6.252,000 $6,252,000 $6,252,000
= Capacity Value $1,373,000 $1,373,000 $6,787,000 $6,787,000

provide multiple services
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Understanding/Control of Dendrite Formation on Li 7 o
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Scientific Achievement

» Developed in-situ TEM characterization techniques
to directly observe dendrite formation on Li anode,
and new electrolyte to suppress dendrite formation
in Li batteries.

L4444 Significance and Impact
"% » This research provides insight on how to use Li
metal anode in advanced Li batteries and
r significantly increases the energy density and safety.
" Research Details

Morphology of Li deposition on metal electrodes.

(a) and (b) direct observation of dendrite » First observation of dendrite formation surface under

formation on metal electrode using in-situ TEM operating conditions with nanoscale resolution.
techniques. (c) and (d) Morphologies of dense Li

film without dendrite formation after 500 cycle of ~ » INtrinsic SEI's can Provide Protection for Li Metal.

charge-discharge in real batteries . High Concentration Electrolyte Leads to Formation
Reference Nano Letters, 15, 2168-2173, 2015;
Nature Communications, 6, Article 6362, 2015. Of Stable SEI LayerS

» Coulombic efficiency is stable up to 6000 cycles.

Work was performed by Mehdi, Qian, J; Nasybulin, E ; Park, C; Welch, DA; Faller, R; Mehta, H; Henderson, ﬁ/
WA; Xu, W; Wang, CM; Evans, JE; Liu, J ; Zhang, JG; Mueller, KT; Browning, ND; Qian, JF; Henderson, WA; Xu,; -
Bhattacharya, P; Engelhard, M (; Borodin, O at Pacific Northwest National Laboratory Pacific Northwest

NATIONAL LABORATORY
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- Analysis to Prototyping Pacific Northwest
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Analysis/simulation Versatile Synthesis Synthesis Impact
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Si Anode Development L
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In-situ TEM study to show that the porous Si does not pulverize during repeated cycling
and has small apparent volume change
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The apparent volume change is ~¥30% ‘©1500} f_w.;/;f,i,arge capacity | ® ~750 mAh/g

* The expansion along <100> direction = ~1.5 mAh/cm?
(along the channels), is 13.1% : = ~90.7% capacity

* The expansion along both <01-1> and ‘ retention over
<011> directions (perpendicular to the
channels), is 7.8%
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